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DEVELOPMENTOF THE SkITCllISGCOMPONENTS FOR ZT-40S

J. G. Melton, R. S. Dike, K, U. Hanks, and w. c. NunnallY
Los Alaros Scientlfic Laboratory
of the Universityof Call ~rnia

Los Alaml]s,New Mexico 87545

Switching of the ❑ain capacitor banks for ZT-40
will be accomplishedby spark gap switches. Initially,
there will be 576 atart switches and 288 crowbar
switches. A developmentprogram is underway to develop
three switche!3;(1) a versatilestart switch,which can
be ,Jsed for both the I and the Ia capacitorbanks,

twith ~ wide operating vol age range, (2) a crowbar
switch which is capable of cmwbarring the circuit
without.the power crowbar bank, and (3) a power crowbar
switdh, which can handle 50-1!)0cculombs,ao that a
large num.)erof crowbar switcheswill not be required
when the power crowbar circuit i. added.

The problemswith the start swi~.theeand th~ first
crowbar switch have been solved, or alleviated. The
developmentof a power crowbar switch hae just begun.

Pevelownt QfStar t GaR

The design adopted as the start gap switch For
k’L-~rJwas a modificationof tnc spark gap which has
3erved as the start gap on the ZT-S ❑achire. Although
considerableoperating experiencehad been gained with
this gap in the ZT-S system, no detailed investigation
of its o~rating characteristicshad heel)made. IL was
known, however, that it has a wide ranEe of operating
voltage,and this was the primary reason for its
selection over the old warhorse four-electrodeScyllac
gap. A necessarystep was to establish the expected
lifeLimeand the triggerin~delay and jitter.

1.

2.

3.

The requirementson the start gap ar. as follows:

It ❑ust have an operatingvoltage 11Pto 50 kV with
a low prefire rate.

It ❑ust uonduct a peak ctw,rentup to 100 kA, wich
a coulomb load Wr dischar~eof about 2 coulombs,
for at least !0,000discharges.

It must have wide lrigzeringrange, from 12 kV to
50 kV, wl!h leas than 40 ns jiticr, when the
trigRcr pulse is 100 kV with a r:sctlme of
30-60 ns, and For vlthcr polarityof capacitor
chargp.

A sectional vlek’of thiq spark gap 1$ shown in
Fig. 1. It. is a thrcn ~lmu?nt gap which is triggcrr?d
by fiolrldist.ort.ton.Th,: main ele(?trodcsqrt~.thin
(1 mm) shells of refractory met.11(Mrr,Ta)which are
shrunk-fit onto an al.Jmlnum IXlsc. Thr trigg~?r
rlectrorichas R h-avy-metnl lnwrt, in a bru:~sholding
rilh~. It is tapcrd to a 1-mm cdg?, 317d is shilpr?d
ovorall to con~orm to an rqulpo!.cn!la] ::lrfncc.Thn
epark Hap moun~s dlrretlyrrn 5}10 capa:.itnr,nnrl th,?
output is Virs coaxial cables. The entire gnp is of
cartr],dgc con:ltrurtion, such th:tt the giLp can h~?
nsscmblrdncparatrlyand then inserted into t.h,~hou:~inx
on the cripaclt.r>r. Thl.- R,,entiy facilitntrn both
initlaiassemblyand rcplocclcntaf g:{pn.

11ti~luin&.T~4L2..QC..SEWL..G.aR

Extonsive mca:j~lrvment,nwere midr of Lhc triw. cring
dcLay :Iudjit,t~r. Pnramc[rrcwhich wnrc varlrd wrr,’
gap OpnclrlK, char~c Voltnxe and pol,~rlt.y, pro.murr,
trlKM~,rplll:leilmplttllrl!,an,!~ol~lrlty,and triv,~firpulze
rls~timr. It wos found thirt wiLh a Fap npncin~ of’
l/U-irlch,the K:lP could Inrl(,rdh!, trlq~rrcd ovrr Lhi,

hdlSk’”z’

FIELDDISTORTIONSTART GAP

Fig. 1.

full range 10-50 kV with a jitter of less than UO ns.
A gap apaclng of l/2-inchwas found to be triggerable
with acceptable jit~er only over the range 20-50 kV.
(The upper limit.of 50 kV does not represent a limit of
operation; rat.h.er,it was the upper limit of the
investigation.) A gap spacing or l/8-inch yielded
satisfactory operation,but it was not adopted because
it brasfelt that the toleranceson the parts and the
assembly would have to be toc C1OSC and the neccssarv
air pl’essurein the gap (80 psi) WOIJld be undesirably
high. Therefore, a gap spacing of l/U-inchwill be
used in the ZT-40 start Rdps.

The overall qualitativeresults from the entire
t.riggcrinutest series are that t.hjsspark uap can be
operated over the dr?siredrange of voltage, with either
charge polarity,and it can be satl.sfactorilytrigqered
with n 100 kV trigRr+rpul:lewith a 30-60 ns rlset.i~e.
Therefore, both capncitor banks in 2.T-UOcan use the
same start ,qapand Idrnticrslgap nracing.

A srrlcn of life tests were performed on the stnrt
F,apsto rstal!il,~hwhrthcr they wuuld .~urvivefor 10,000
shots under t.hr?mo:!t soverc conditions they would
cxpcrir?ncc in ZT-40 operations. In the initl:~ltests,
the gaps fail{!daft-r only 1,000 shota. As voricus
Correction and modiflcationnwere madr, tho ltrctja,!
wan oxtcndod to 5,000, then to 10,000, md fillnlly to

25,000 shot~. Chan~~!~wt?rcmade, bcth in the mate+-tals
d!lrri, ,anrlin t,heb,aricRmmr’try.

Tho mrlirnt fa{lurrnoccurrpd whorl the trlggcr
rlrc Lrc,fll,n dl?voloprd rndinl ntres:, crncks and
sllllspq!]cn~chlpplrl~.Thj:loccurred af~~r only 1,000
nhnt. s , and C:lll:lr?rl I,hrspnrk Maps to prrfirr. It was
fcund t,,h,,duc to a mnt.{,rinlsproblem. Roth Flkonlte
(75% U, 7FX Cu) nnd anur.h,,rpopular elrrt,rodematr~ial
(.j~)$f+,,, 5LJ%Cll)worr s!~!,(!rptnblctn cr~!rkinM. A thl:d
nll.oy, with a hi~tw!rporccntagr!of refractory❑atal,
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(90$ W, 6S Nl, 4S Cu) has
shats with or:ly‘norms?.n
however, that in a single

survived for up to 25,000
erosion. It should be noted,
test out of about twenty

total, ChiFping dit recur at about 10,000shots. The
chipping was noticed during a scheduled inspection at
10,000 shots and did not affect the performan~e of the
gap. It was subsequently reassemblt?~and tested in
excess of 20,500 shots with no furtherchipping.

During a normal test, the hole In the oenter of
the triggerelectrodeerodes froa l-inch at the start,
tc l-3/16-inch at 10,000 shots, to I-s/16 inch at
20,000 shots. If the hoie is ma~e l-1/h inch at the
beginning, the ercaion is ne~ligible up to 10,OOO
shots. Trigger electrodes of brass have also been
t?sted. While no ‘.hermalstress cracks developed, the
eroeion rate waa so great (about l-J/8 inch at 10,000
ahote.) that the added material and machining expense of

heavy ❑etal alloye is thought to be Justified.
Whn the problem with the trigger electrode had

been solved,allowing testing tc aontinue beyond 1,000
shots, the ❑ain electrodes began failing at 5,000
shots. The failure waa due to delaminationof the thin
shell of refractory❑etal which forms the electrode
surface.

The thin shell electrode surface is one of the
unique,and moat economical, featurea of this spark
gap. Sot’,spun tantalum and spun molybdenum have been
tested successfullyto 10,000shots. Tantalum is an
expensive electrode mattirial,but using a thin shell
holds the cost in line. Molybdenumis a less expensive
material than tantalum,but the increaseddifficulty of
the spinningoperation❑akes the overall cost about th?
same. In an effort to produce ❑ore economical
molybdenumelectrodes,we decJ.dad co use drawn, or
pressed,molybdenumshells.

He discovered, however, that drawn molybdenum
shells were subject to delamination. Hicroscoplc
examination of the subsurface structure revealed no
differencebetween sp.tlmoly and drewn ❑oly, so it was
reaaoned that the difference is in the sl!rface
condition. This wae verifiedby working several drawn
electrodes on a lathe, Lo condition the surface by
spinning. The reconditioned electrodes eurvived for
20,000 shots, at which time failureoccurred due to
recrystallization,rather than delamination. Also,
since the structureof the shells formed by drawing and
by spinning ie similar, differing only in the surface
condition, even spun moly shells could delaminate if
the surface is breached.

Having found electrode ❑aterials which would
survive for the desired 10,000 shots, it was then
discoveredthat the insulatorsbegan to fail at 10,000

Fig.?.
Start gap electrode, nfter 5,000 shots showlnR
d-lamlnutlonor surracc.

shots. Faii’dreuas visable as surf’acetracking patha.
This was probably caused by the gradual depositionof
oonductinEmetal vapor on the insulator surrace.

To rem~dy this insulatorfailure and to reduce the
prefire rata, the geometry of the gap was modified,to
increasethe space between the electrodes and the
insulators.This change Is shown In Fig. 3.

A test ❑odel was built in this configuration,
using braas electrodes. This mooel was tested to
25,0C0 shots, when an aluminum current joint failed.
Ourinq the ~est the prefire rate was less than 0.11.
The electrodes and Insulators were still usable, but
the current joint failure preventedreassembly of the
gap.

Development of the start gap is essentially
completed,and the gaps are presently being installed
in ZT-40. Further investigationsare planned,however,
to determine its limj~s of operation; such as, whether
it can operate successfullyat 75 kV. Since it is the
❑ost economicalgap ;hat we have in its performance
range, it is anticipatedthat it will find future use
in other machines.

JJeveloDment of tt.e Crowbar Soark Gao (Pha.9eI)

ZT-40 will be operated Initinlly in a standard
crowbar ❑ode, withokt the power crowbar bank. There
will be one orowbar gap for each two capacitors in the
system, and the coulomb load per gap will be 6-12
cou’!ombs.Since this is within the capability ot’ the
crwbar gap used on the Scyllac system, it was decided
to use that gap in the ZT-40 system, suitably modified
to accommodate two capacitors Instead of one. The
❑odiried gap is shown In Fig. U.

This spark gap is a ferrite-isolatedcrowbar gap.
The spark plug prcvides irradiationof the ❑ain gap; In
uddition it. providea a fireball which errectively
shorte::s the gap spacing. In service in the Scyllac
system, it was found that these spark plugs would wear

~“lt h?ter about 3,OOO stats, thus limiting the lifeti~e
of the gap, even though the ❑ain electrodes and
insulatorsare usable for over 50,000 shots.

FIELD DISTORTION START GAP

MODIFIED GEOMETRY

Flu.3.
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ZT-40 PASSIVE CROWBAR GAP

Fig. U.

In testing these gaps for their application in
ZT-40, it was found that the spark plugs could fail as
early as 1,000 shots. The earlier Failure is
attributed to higher current levels. Fortunately,a
simple circuit modificationwas found which extends the
lifetime.

It has been found that the spark plugs fail in two
way:!;by erosion of the trig~er pln and by cracking of
the ceramic insulation. It has also been found that
only about 10$ of the wear is caused by the trlg~er
system; that most of the wear is caused by thnt
fractionof the cl.owbarredload currenL which passes
tt,rou~’1the sp:lrkplug. We four,dthat th!?load current
can be successfullyshunted away from the spark plug by

placing a small inductance(about 300 nh) in parallel
wilt.the spark plug.

With this modlficntion, the lifetime has bcrn
ext?nded to shout 5,000 shots, mm-lhopcf’ullyboynnti.
It is difficult to prcdlctat thin Limp an expcctrd
lifetimf!bccausc of wide variations in t.hcqu:llltyof
the spark PIURS supplied by the mnnufnct.wrcr.

Tn,,mn l?%
C.c., r— -., ,

“’””- HIGHCOULOMBCROWBARSPARKGAP

Fig. 5.

_Develonment or Po er Crw owbar SEuw

In phase 11 of ZT-40 construction a power crowbar
circuit will be added to sustain the magnetic field for
250ps. This will greatly increase the coulomb load ‘n

the crowbar gaps. To avoid parall.ellng a large nuber
of crowbar gaps, we are developinga high coulomb s;arki
gap which hopefully will be able to conduct 50-100
coulomb~ per discharge.

The initialdesign of this gap is shown in Fig. 5.
It )39 several features Included specifically tol
increase the coulor,b capability and to extend the
lifetime. TO minimize elecL.rodeerosion, it has a wide
gap spacing and thus low operating pressure. The holes
for air flushing are large to allow a h:gh air flow
rate. After the arc is struck, It should p~ h to the
center of the main electrodes. Hence, most of the
erosion should occur at the centel,, and not in the,
triggering erea. T%c insulator:are screened from Lhei
main area of arc activity In order to minimise coatinq
and damage from the arc. The triggw electrode
capacitance 1s made quite htgh (800 pf) deliberately,:
tc facilitatetrigpcrin~at zero voltage. 1

I

-CQ!l!21N!lC2n
I

Development of the start switch and the phase I’
crowbar switc!: is completed. These swit.chrs are
prcsrntlyhcln~ Inntall,?don ZT-40. A rirst. vcr3ion of

the power CI]wlmr nwitch ha: been dcsi~ned
TcntlnR is duc

and built.
to begin suom. Host of the problems

cn,:o[lnt,orcdin the rlotclopmmrntprovr:!m have been in
the nclcv:tionof proprr malt.crlal.~ nnd rnrrfi~,uratlcr].s
whicl]will allou thr Kapo to op~r-atc for lLI,OoO .shc!ts.

------- -------------

~kork Vcrf[rsmrdundur the aunp]c(,n or the U.S.
Depnrtmt,ntof Envrgy.
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